Patient comfort can often be achieved by 'conventional' pharmacological drugs such as opioids or other symptom-controlling drugs. However, in cases of severe pain caused by withdrawal of life-sustaining treatment, for example, or where refractory symptoms lead to unbearable suffering such as intolerable pain, dyspnea and delirium, a more drastic option may be chosen, known as palliative sedation (Box 1). In these cases, comfort is sought by reducing the patient's level of consciousness [2, 3] . Palliative sedation is ethically controversial because it is viewed by some as a kind of 'slow euthanasia' and because patients are not always involved in the decision-making. Another point of controversy is whether or not palliative sedation has a life-shorting effect and therefore should be considered to be an endof-life decision [4] . Some studies have pointed out that palliative sedation is an effective method that does not shorten survival time, but the topic creates controversy [2, 5] . However, the practice of palliative sedation has increased substantially and seems to have established its place in end-of-life care. The incidence of palliative sedation is not easily measured, partly because there are several definitions and alternative terms in use, such as 'terminal sedation' and 'continuous sedation until death', to describe this practice [6] . However, available studies indicate that the practice of palliative sedation is increasing in hospitals, nursing homes and the home care setting. The overall reported incidences vary between 7 % and 17 % of all deaths [7] . It is assumed that patients who are sedated according to the current standards of care and the guidelines for palliative sedation are unaware of their clinical situation and, therefore, do not experience symptoms of discomfort, such as dyspnea, delirium, and other distressing conditions that are common during the terminal phase. However, a critical evaluation based on more recent evidence raises the question of whether the current assessments of suffering and awareness are accurate enough. Our concerns are based on three types of problem. First, the assessment of comfort in dying patients is challenging; second, patients are sometimes mistakenly considered to be unaware, and, third, the titration of drugs is difficult.
Problems with Assessment of Comfort in Dying Patients
Pain is always subjective. Therefore, the gold standard for detecting distress is patient self-reporting. However, in the case of palliative sedation, patients are usually unable to communicate whether or not they are still in distress or still (partially) aware of what is happening around them. In these cases, caregivers have to rely on observable signs, such as facial expression. In newborns, for instance, tongue protrusion and licking the lips can be considered a positive affective expression, whereas brow wrinkling and opening the eyes wide are usually considered as facial expressions of negative affect [8] . To achieve a more reliable assessment, several instruments, such as the Visual Analog Scale for pain, are based on these observable signs. Some scales have been developed for non-communicative patients as well, including the Critical Care Pain Observational Tool (CCPOT) [9] , the Behavioral Pain Scale (BPS) [10] , and the Richmond Agitation-Sedation Scale (RASS) [11] but several problems have been reported. A well-documented problem is that these scales cannot detect pain and awareness in all patients, for example because they depend on inferences made from patients' motor responses [12, 13] .
Another problem is that these scales have only been partially validated for dying patients, and in most cases not at all [14] . In the guidelines on palliative sedation it is acknowledged that the efficacy and safety of palliative sedation is not sufficiently understood and that the usefulness of these observational scales has not been proven [15, 16] . These findings cause even more concern considering the evidence that family members of patients often have different perceptions of the patient's comfort and his/her quality of dying during palliative sedation than do caregivers. While family members tend to overestimate pain, caregivers often underestimate it [17] . Furthermore, assessment discrepancies between nurses and physicians often occur [18, 19] . Moreover, non-clinical factors, such as characteristics of both the patient and the caregiver, play a role. For example, paramedical professionals, religious correspondents and older caregivers more often believe that patients in vegetative or minimally conscious states may be experiencing pain [19] . In a study of patients coming to the emergency department with pain-related complaints, older men were less likely than younger men to receive an analgesic or an opioid regardless of pain severity. Older adults were generally less likely to receive pain treatment. However, older women with severe pain were more likely to receive treatment than younger women with severe pain. These results suggest an interaction between age, gender, and pain severity on pain treatment [20] .
Physiological parameters such as respiratory frequency, heart rate, blood pressure, pupillary diameter and skin conductance, are also often used as indicators for discomfort but these are not always reliable either [21] . Furthermore, once a decision has been made to provide only palliative care, measuring these parameters is usually considered to be a futile and therefore unnecessary intervention, which is likely to be considered more of an obstacle to a quiet dying process than helpful for the patient.
When patients are considered completely unconscious, they are often considered unable to experience any kind of pain or emotion [22] . However, this topic is still controversial and poses clinical and ethical challenges [8] . In cases of painful interventions and especially after decisions to withdraw life-sustaining support, such as mechanical ventilation or artificial hydration and nutrition, these patients are, therefore, sometimes left without administration of opioids or other analgesic. Mistakenly considering a patient as unaware is a pitfall that may deprive a patient of optimal comfort medication. Therefore, the premise of unawareness is a crucial aspect in critically ill or dying patients.
Problems with Assessment of Awareness
Given the importance of the status of unawareness in comfort care, a reliable assessment of awareness is pivotal. However, in recent years, doubts have arisen as to whether patients labeled 'unconscious' really are completely insensate and unaware. Studies in different types of patient and setting, which critically reviewed awareness, have consistently reported that persons were, in contrast to what was assumed by the caregivers, not always (completely) unaware. For example, several studies showed that patients diagnosed as being in a vegetative state (now also called 'unresponsive wakefulness syndrome') did show (minimal) clinical signs of conscious awareness in about 40 % of cases [23] . In some cases, the purportedly unconscious patient could even reliably generate appropriate electroencephalographic (EEG) responses to two distinct commands [24] and occasionally was even able to establish basic communication with 'yes' or 'no' answers using functional magnetic resonance imaging (fMRI) [25] . These observations proved that some minority of clinically diagnosed unresponsive patients displayed some residual cognitive function and conscious awareness that even skilled caregivers were not able to recognize [26] .
Furthermore, patients with locked-in syndrome may be mistakenly considered unconscious. In a survey of 44 patients with locked-in syndrome, the time elapsed between brain insult and the diagnosis of locked-in syndrome was on average 2.5 months (78 days). Several patients had not been diagnosed correctly for more than 4 years. It has been stated that this delay in the diagnosis of locked-in syndrome mainly reflected initial misdiagnosis [27] .
In rare cases, patients also have reported awareness during general anesthesia. Light anesthesia has been suggested as a risk factor for this frightening phenomenon [28] .
As is the case with perception of pain, a patient's awareness is perceived differently by caregivers and family members. In a study on patients in a persistent vegetative state, 90 % of these patients were considered by family members to have some awareness of the family member's presence and of pain [29] . The study on patients with locked-in syndrome also showed that the first person to realize the patient was conscious and could communicate with eye movements was most often a family member (55 % of cases) and not the treating physician (23 % of cases) [27] .
The above examples show how difficult it is to recognize unambiguous signs of conscious perception of the environment and the self. This also applies to the assessment of awareness and communication in non-verbally expressive end-stage palliative sedation patients, who traditionally do not benefit from detailed neurological examinations.
In contrast to palliative care settings, in which advanced monitoring equipment is avoided, in the ICU bispectral (BIS) monitors are usually available. The BIS monitor is a reliable instrument for assessment of the level of sedation. Low BIS index values are known to correlate negatively with higher sedative concentrations. It has to be remembered that assessment of anesthetic depth is not the same as assessment of comfort [30] . Some studies suggest that use of BIS monitoring may be useful, es-pecially in patients who have been administered blocking agents [9] . As mentioned above, behavioral observation is unreliable in these patients because even patients in severe pain may show no observable signs of distress. In a study in non-verbal ICU patients who were mechanically ventilated and sedated, the BIS index seemed to be an indicator for pain during procedures known to be painful. However, further research is needed before this technique can be used for the detection of pain in non-communicative patients [9] .
Based on these findings, we have to realize that 'traditional' clinical tools and procedures to assess comfort and awareness in dying non-communicative patients have important methodological limitations. It should be noted that the problems with assessments are not to be ascribed to lack of competence on the part of the caregivers but are of a much more fundamental nature: The absence of reliable tools. The developers of guidelines for palliative sedation are aware of these limitations and rightly point out that there is a lack of evidence (Box 1). Some guidelines mention that "there are no scales available to assess the patient's comfort" [31] and the authors of a recent guideline conclude that "presently no particular scale can be recommended" [16] . Sometimes guidelines refer to sedation scales but point out that these scales are "not intended to measure the effect of sedation but to make clear when the sedation is too deep" [31] . The current guidelines for palliative sedation are therefore limited to suggesting "a daily visit by the physician" and "continue attention to possible expressions of discomfort (e. g., facial expressions, movements etc.)" [31, 32] . Not surprisingly, people who have more intensive contact with the patient, such as nurses and family members, should also play an important role in signaling discomfort in sedated patients [31] .
Problems with the Titration of Drugs
Since the aim of palliative sedation is to give optimal comfort but not to hasten death, the principle of proportionality is a pivotal aspect of this treatment. Hence, the guidelines state that sedation should be "no deeper than necessary to avoid suffering" [15, 16, 31, 32] . To meet this principle of proportionality, caregivers should carefully titrate the doses of the drugs so that they are high enough to provide comfort but should not hasten death. Studies have shown that palliative sedation does not usually affect survival time [5] . However, the fact that palliative sedation is considered by some to be 'slow euthanasia' may lead physicians to be 'extra careful' with the use of high doses of sedative medication [4] . Several studies have reported underuse of medicines because of a lack of knowledge, unwarranted beliefs, to avoid the perception of giving 'excessive' doses and even because of fear among caregivers of being accused of 'killing' the patient [33, 34] . In a Dutch study among nurses, sedation was considered insufficiently effective by 42 % of the respondents [35] .
Recent Advances Changing Our View of Palliative Sedation
In recent years important progress has been made that has forced us to review our opinions about comfort during palliative sedation. We will report here on some major breakthroughs in the assessment of pain, the assessment of consciousness and the mechanisms of sedation.
An important insight with regard to pain perception and brain activity is that several areas in the brain (thalamus, S1, and the secondary somatosensory or insular, frontoparietal, and anterior cingulate cortices) are activated by pain. This neurological signature of pain is also known as the pain matrix [36] . In a study with patients in a minimally conscious state, patients in a persistent vegetative state and healthy volunteers, Boly and colleagues investigated brain activation induced by noxious stimulation [37] . A remarkable finding was that in minimally conscious state patients, no area of the pain matrix was less activated than in the healthy control group. Since cerebral correlates of pain processing are found in a similar network in controls and patients with minimally conscious state, it is plausible that patients in a minimally conscious state experience pain. An important benefit of this method is that it provides objective evidence of potential pain perception and does not require communication with the patient. This method is also promising because cerebral activity is not only a good indicator for physical pain but can also be considered as an objective indicator for other kinds of suffering, such as emotional suffering caused by feelings of rejection [36] . This may be important because in palliative care all the dimensions of suffering, i. e., physical, social, emotional and spiritual suffering, must be evaluated.
A second breakthrough to be mentioned occurred in the field of awareness. Despite its widespread use, little is known about how anesthesia produces loss of consciousness. Over the past five years, significant progress has been made in understanding what happens in the brain as consciousness departs and returns [38] . Studies based on neuroimaging and electroencephalography have found evidence to support the integrated information theory. This theory states that consciousness depends on the brain's capacity to sustain complex patterns of internal communication [39, 40] . Hence, if we are able to measure communication between different brain areas, this may be an indication of the degree of consciousness. A possible method of establishing communication between brain areas is based on the use of transcranial magnetic stimulation (TMS) and high density EEG. Based on this idea, a recent study introduced a theory-driven index of the level of consciousness, called the perturbational complexity index. This index was tested on a large data set of TMS-evoked potentials recorded with high density EEG in healthy patients and patients with consciousness disorders. The index that resulted from this study can potentially be used for objective determination of the level of consciousness at the bedside [41] .
In a study by Boly et al. with healthy volunteers, high density EEG recordings were made during gradual induction of and emerging from unconsciousness with propofol. The study revealed structured EEG patterns that mark the transition between consciousness and unconsciousness induced by propofol. These findings provide precise, neurophysiologically principled markers that can be used to monitor the state of a patient's unconsciousness under propofol general anesthesia [42] .
Given the important ethical and clinical aspects related to the depth of sedation, adequate sedation is considered a crucial aspect of palliative sedation and all the guidelines highlight its importance (Box 1). Since the guidelines all seems to rely on behavioral observation, they are based on an important premise, i. e., that the unresponsiveness of the patient is proof of unawareness, and hence of the absence of distress. However, it appears that this premise should be questioned. In an important publication, Sanders et al. concluded that unresponsiveness was not the same as unconsciousness [13] . Unresponsiveness sometimes provides unreliable information about the probability of consciousness. To achieve optimal titration during palliative sedation, i. e., to ensure that the patient is comfortable and to avoid unnecessarily high levels of sedation, we need to make a distinction between three separate concepts: Consciousness, connectedness and responsiveness.
Consciousness can be connected or disconnected. In the latter case, a person can be conscious without experiencing the external world. An example of this is dreaming during natural sleep, but dreaming also seems to occur in more than a quarter of patients anesthetized with propofol or desflurane [43] . Another finding reported by Sanders et al. is based on the isolated forearm technique (IFT). In the IFT, anesthesia is followed by the inflation of a cuff on the arm before neuromuscular blockade is induced. The cuff prevents paralysis of the hand and hence allows a simple kind of communication through predefined hand movements, for instance, squeezing the hand if the answer to a question is "yes". A literature review of IFT studies found that positive responses were observed in a median of 37 % of patients, which is evidence of connected consciousness [13] . Strikingly, also, EEG monitors based on the depth of anesthesia, such as the BIS monitor, could not reliably distinguish between responders and non-responders to the IFT [44, 45] .
The above findings have practical implications for anesthesia and palliative sedation, e. g., for monitoring the depth of sedation and the titration of drugs used for palliative sedation. One implication is that consciousness should not always be a clinical problem in which the subjective experience of pain and other kinds of distress is disconnected. If we do not make the distinction between the three conceptsresponsiveness, consciousness and connectedness -we risk either administering doses of sedatives that may be too low, entailing the risk of an uncomfortable death, or too high, entailing the risk that this act is perceived as life-shortening or even euthanasia. An example of a case in which insufficient sedation may occur is in patients who are unresponsive but may nevertheless retain some kind of consciousness and hence are able to feel pain and distress. An example in which patients do not necessarily need higher levels of sedation, notwithstanding the fact that they do have some kind of consciousness, may occur when their consciousness is disconnected, which implies that they do not experience their suffering. In theory, this may happen when (palliative) sedated patients are dreaming. Such an event can be detected with an EEG showing the typical pattern of rapid eye movement (REM) sleep, which is similar to the EEG pattern when people are awake. However, we do not have sufficient understanding of how and when consciousness becomes con-nected to the environment, especially in dying, palliative sedated patients who are very difficult to include in studies on this topic. Moreover, patients on palliative sedation eventually die and will by definition not be able to remember their experience.
Another problem is that palliative sedated patients have not been involved in any of the above studies. This is understandable, because it is ethically delicate to include such patients in these studies. However, given the possible impact, efforts should be made to design studies that do not impose too much extra burden on these patients so that they can be included. Even studies with a limited number of selected patients would be very useful.
How Can the Assessment of Suffering in Palliative Sedated Patients be Improved?
Until now, studies of the efficacy of palliative sedation to relieve pain and discomfort have been based on observational scales or subjective assessments by caregivers [35] . Although some efforts have been made to validate the observation scales, as far as we know all these attempts are based on the same paradigm, i. e., that all kinds of distress in all patients can be measured by observation of the patient and that this is the only available method.
As illustrated in the above studies, new insight and technologies, such as fMRI and EEG, have proven to be promising technologies for detecting awareness and pain that cannot be observed or detected by 'traditional' methods [25] . Although these technologies also have their limitations and should not be regarded as a perfect surrogate for self-reporting, they provide valuable objective and quantifiable indicators of awareness and pain in non-communicative patients. Strikingly, they have not yet been used to check whether the current assessments of palliative sedated patients are reliable. It is remarkable that, given the increasing incidence of palliative sedation, there is so little concern about the risks that patients may experience an uncomfortable dying phase in which they are unable to signal their suffering. An assessment tool that would allow clinicians to determine the appropriate doses of medications more accurately would also encourage more vigorous symptom management in the dying.
Paradoxically, the inability to report distress might also be aggravated or even blocked by the use of drugs that may abolish potential further communication and even facial expressions [12] . Hence, some patients might have subjective phenomenological awareness or suffering with very limited, fluctuating or absent behavioral motor signs of distress [13] . The fact that neuroimaging or electrophysiology recordings have not been used so far to validate the assessment tools for distress in non-communicative patients, even when doubts about these tools have arisen, may be related to the reluctance in palliative and end-of-life care to bother patients with high-tech equipment as, in most cases, patients have already experienced a long treatment period.
Conclusions
A problem in monitoring the depth of palliative sedation and the titration of sedatives is that caregivers still have to make use of very rudimentary assessment tools, which do not take into account the above described new insights. Uncommunicative dying patients are a vulnerable population and, therefore, we should do everything possible to assure them a comfortable death, free of pain and distress. We, therefore, urgently need a triangulation of methods in which existing observational scales, subjective assessments of caregivers and family, and neuroimaging and/or electrophysiological techniques are combined (Fig. 1) . The latter are non-invasive procedures which should not burden the patient and his/her family too much. Because of its complexity and intensity, this integrated mixed method is intended for research and not (yet) for everyday clinical assessments. It can be used for the validation of existing clinical tools for the assessment of distress in palliative sedated patients. Each of the three methods has its potentials and limitations but, in combination, they can be used to achieve the best possible assessments. 
